The composition and characteristics of b-type cytochromes from higher plant plasma membranes, purified using aqueous two-phase partitioning, were investigated. At least three different cytochromes were identified by their wavelength maxima and redox midpoint potentials (Eo'). Cytochrome b-560.7 (Eo' from +110 to +160 millivolts) was present in zucchini (Cucurbita pepo) hypocotyls and bean (Phaseolus vulgaris L.) hooks, although in different concentrations. The main component in cauliflower (Brassica oleracea L.) inflorescences (cytochrome b-558.8) is probably functionally similar to this cytochrome. The plasma membrane generally contains two to three cytochrome species. However, the occurrence and concentrations were species dependent. The high potential cytochrome can be reduced by ascorbate but not NADH, and may be involved in blue light perception.
There is increasing evidence, for both plant and animal cells, that plasma membrane redox reactions are involved in growth and differentiation. Cell proliferation and tumor induction are affected by changes in transmembrane electron flow. In addition, specific plasma membrane proteins (iron reductases and transferrin receptor) are involved in cellular iron uptake (reviews in ref. 8) . Despite their importance, little is known about the plasma membrane electron transfer constituents and mechanisms involved in these reactions.
Cyt are likely candidates to participate in membrane-bound electron transfer. Specific, nonmitochondrial b-type Cyt have been demonstrated in the plasma membrane of several eukaryotic cells. Granulocyte membranes contain a low-potential Cyt (Eo'2 at -245 mV) most likely involved in antimicrobial action (21) . This protein has been extensively purified and characterized. Also Cyt b5 and Cyt P-450/420 are possible elements of animal plasma membranes (10) .
The presence of a specific photoreducible b-type Cyt in ' This work is dedicated to Professor Winslow R. Briggs on the occasion of his 60th birthday. H plasma membrane-enriched fractions of several fungal species was recognized by Schmidt et al. (29) . Recently, Glomp and Hess (9) reported on the partial purification of a b5-like cytochrome from Dictyostelium plasma membranes.
Light reducible b-type Cyt were also detected in higher plant plasma membranes (6, 16) and spectrally characterized (32) . The function ofboth fungal and plant plasma membrane Cyt have been associated predominantly with perception and transduction of physiologically active blue light (30) . Initial attempts to correlate light-mediated Cyt reduction with other plasma membrane redox reactions have also been presented (3) . Descriptions of plant Cyt have been almost exclusively based on crude membrane homogenates (12, 13, 26 Nitrate-sensitive ATPase (100 mM KN03) (22) was used as tonoplast marker. All ATPase activities were measured at pH 6.5 and in the presence of 100 Mm ammonium molybdate to inhibit nonspecific phosphatase activities (2) . Further details on marker enzyme analysis are given in previous papers (3, 7) .
Protein concentration was estimated according to Markwell et al. (19) with BSA as a standard. Interference by Hepes in this method was corrected by subtraction.
Redox Titration and Cyt Determinations
Cyt content was estimated from the peak heights in difference spectra recorded at 4°C. Reduction was obtained using blue light illumination (1 min at 370 W.m2, Plexiglas Blau G27 Rohm broadband filter, Xm. at 450 nm), or addition of Na-dithionite, Na-ascorbate, or NADH. Absolute amounts were calculated from a-band absorbances after dithionite reduction using an approximate extinction coefficient of 20 cm '-mM'. Anaerobiosis in these experiments was obtained by addition of 8 mg ml-' glucose and 1 mg mL-' glucose oxidase (EC 1.1.3.4, Sigma, containing trace amounts of catalase).
Redox titrations were performed as described by Van Wielink et al. (31) . Plasma membrane pellets were resuspended in Hepes buffer at pH 7.0 (100 mM Hepes, 15 mM MgCl2, 8 mM EDTA). Spectra (about 30 per titration) were recorded at room temperature in dual wavelength (reference at 578 nm), in 2 to 2.5 mL samples (10-20 mg protein) under continuous argon flushing (<0.1 ppm 02) and in presence of redox mediators in the range of -350 mV to 300 mV. Titrations were performed at least twice. Reductive (stepwise addition of NADH and dithionite) or oxidative titrations (ferricyanide addition) gave nearly identical results. The degree of Cyt reduction was estimated from the a-band area between 545 and 578 nm after baseline correction. Statistical analysis was based on the level of Cyt reduction and the deflection of the a-band from a Gaussian curve (spectrum deconvolution) (31) . This method gave a significantly enhanced resolution of Cyt components in bacterial and mitochondrial preparations. Sum of squares values are defined as the sum of squared differences between observed and predicted values.
RESULTS

Membrane Isolation
The aqueous polymer two-phase partitioning method is widely used and accepted for the purification of plant plasma membranes. However, since its application is new for zucchini and bean, a thorough analysis of marker enzymes was necessary (Table I) .
Precentrifugation (9000g) of the filtered cell homogenate resulted in a reduction of 75 to 85% of the total CCO activity (mitochondrial marker) in cauliflower, zucchini, and bean.
Further purification of the microsomal fraction resulted in a general decrease of markers for intracellular membranes and increase ofplasma membrane markers in the upper phase. The specific activity ofCCO in the plasma membrane fraction was 5 to 10% of that in the 9 KP and less than 1% of total recovered CCO activity was generally found with the plasma membrane. For bean and zucchini the NADH-dependent CCR activity (presumptive ER marker) was reduced to 5 to 8% of the specific activity in the 50 KP. Cauliflower retained up to 33% ofthe activity with the plasma membrane fraction. The existence of plasma membrane-located CCR-like activity probably results in an overestimation of the degree of ER contamination (see "Discussion"). Sensitivity of ATP hydrolysis (% inhibition) to KNO3 was greatly reduced in the plasma membrane fraction of cauliflower and zucchini, as compared to the 50 KP. This indicates low contamination by tonoplast membranes.
Glucan synthetase activity in the presence of high UDPG Table I. c Parentheses include percent reduction. sorption differences. Amounts were therefore calculated from the amount of dithionite reducible components, based on the ratio of the Soret-bands (blue light/dithionite reducible). This procedure was verified with a-band measurements of light reductions in bean.
The degree ofascorbate reduction correlates fairly well with an 80 to 100% reduction of the high potential component in cauliflower (Cyt b-558.8) and zucchini (Cyt b-560.7) if the two-Cyt fit is considered (Table II) characterization has not been performed previously. In this paper the aqueous polymer two-phase method was used to purify plasma membranes from three different plant species. The obtained fractions were strongly enriched for GSII activity (plasma membrane marker), and mitochondrial membranes were largely removed. Levels of other intracellular membranes varied somewhat between species. Significant amounts of ER and tonoplast membranes were possibly retained in cauliflower and bean preparations, respectively. The purification with respect to Golgi membranes was less evident. GSII and vanadate-sensitive ATPase activities distributed somewhat differently in the two-phase system. Similar discrepancies have been reported after free flow electrophoretic separation (5) . This behavior could be related to the presence of ATP hydrolytic enzymes in other membrane types or to plasma membrane vesicles with distinct surface properties. Also, plasma membrane heterogeneity (18) is possibly associated with these observations. Finally, it should be noted that results of two-phase partitioning are generally presented as end-point purifications, i.e. after several fractionation steps. Therefore, low amounts of plasma membrane enzyme activities that are indistinguishable from intracellular membrane markers would appear as contaminants after several-fold enrichment. As an example, the plasma membrane contains CCR-like activities (23, 24, 28) From these results we conclude that there are strong similarities between b-type Cyt present in the plasma membrane of three (probably four) different plant tissues and species. However, both the relative amounts and number of distinct components was quite variable. Concentration differences are likely related to the physiological importance ofthe associated functions in the different tissues. Developmental changes in specific Cyt amounts have also been demonstrated (12, 13) . The absolute Cyt concentrations were similar to those indicated for other plasma membrane preparations (24, 28) . In addition, the specific concentration of the high potential component in cauliflower was about five fold enriched in the upper phase as compared with the estimation of Rich and Bendall (26) (12) .
